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(54) Ice quality sensing system employing digital imaging

(57) A refrigerator (2) includes a sensing system for
detecting quality of ice cubes in an ice cube storage bin
(40). The system includes a digital image capture device
(47) coupled to a digital image analyzing system (50)
which captures digital images of the ice cube storage bin
intermittently. The digital images are processed to deter-
mine a centroid of the ice mass within the bin (40) , and
the centroid is analyzed to determine whether it is located
outside a predetermined acceptable boundary. A centro-
id outside of the acceptable range indicates an ice clump-
ing situation. Additionally, the digital images are analyzed
to determine whether ice cubes are smaller than a pre-
determined minimal acceptable size in order to detect
stale ice. The level of ice in the bin (40) can also be de-
termined from the images. Notifications for clumping,
stale and/or low level ice are sent to a user interface.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention pertains to the art of re-
frigerators and, more particularly, to a sensing system
that employs digital imaging technology to determine a
level and/or quality of ice cubes in an ice cube storage bin.

Description of the Related Art

[0002] Sensing a level of ice cubes in an ice cube stor-
age bin is well known in the art. That is, refrigerators that
employ automatic ice makers have, for years, employed
a mechanism of one form or another to detect a level of
ice in an ice cube storage bin. Basically, when the level
of ice reaches a predetermined point, the ice maker is
deactivated to prevent overflow. Most level sensing ar-
rangements employ a bale arm that is pivotally mounted
to the ice maker. The bale arm extends into the ice cube
storage bin and is acted upon by ice cubes contained
therein. More specifically, as the level of ice cubes in the
ice cube storage bin rises, the bale is urged upward.
When the level of ice cubes reaches a predetermined
point, the bale arm acts upon a switch to temporarily shut
off the ice maker, thereby halting ice production. When
the level of ice cubes falls below the predetermined point,
the bale arm moves downward, the ice maker is activated
and a new ice production cycle is initiated.
[0003] Over time, manufacturers developed more ad-
vanced systems for detecting a level of ice in an ice cube
storage bin. The more advanced systems were particu-
larly developed for door mounted ice cube storage bins
where the use of bale arms is inappropriate or impractical.
These more advanced systems employ various types of
electronic sensors, such as infrared, ultrasonic, capaci-
tive and even weight sensors in order to determine the
level of ice in the ice cube storage bin and control oper-
ation of the ice maker.
[0004] In addition to the challenges associated with
sensing ice levels, there exists the problem of determin-
ing ice quality. Over time, ice in a freezer bin can become
stale and develop an undesirable taste. Additionally,
when ice is exposed to warm air over time, as when a
freezer door is repeatedly opened and closed, individual
ice cubes may melt fractionally causing shrinking of the
ice. Furthermore, individual ice cubes may refreeze to
other cubes, forming clumps of ice which are not easily
utilized or discharged from an automatic ice dispenser.
[0005] Regardless of the existence of various known
ice level sensing devices, there is still a need for further
advancements in ice level sensing. More specifically,
there exists a need for a more versatile ice sensing sys-
tem that employs digital imaging technology and which
is capable of effectively sensing a quality of the ice cubes
in an ice cube storage bin.

SUMMARY OF THE INVENTION

[0006] The present invention is directed to a refriger-
ator including a cabinet having top, bottom, rear and op-
posing side walls that collectively define a refrigerator
body having a refrigeration, e.g., freezer, compartment.
The refrigerator further includes a door mounted to the
cabinet for selectively providing access to the refrigera-
tion compartment. The refrigeration compartment is pro-
vided with an ice maker, with the formed ice being stored
in an ice cube storage bin. In accordance with the inven-
tion, the refrigerator employs an ice cube sensing system
that utilizes digital images to determine a property, par-
ticularly quality, of ice cubes in the ice cube storage bin.
[0007] More specifically, the ice cube sensing system
employs a digital image capture device which is focused
upon the ice bin. The digital image capture device is cou-
pled to a digital image analyzing system that scans digital
images of the ice cube storage bin to determine the pres-
ence of ice clumps or stale ice within the ice bin. Specif-
ically, digital images of ice cubes within the ice bin are
processed to determine a centroid or center of the ice
cube mass. If the centroid is determined to be outside
acceptable boundaries, then an ice clump event is de-
tected and an alert sent to a user interface.
[0008] In further accordance with the invention, the
system also determines the size of ice cubes within the
ice bin and compares them to a minimum desired ice
cube size. If the size of the ice cubes is below the mini-
mum desired ice cube size, then a stale ice event is de-
tected and an alert sent to a user interface.
[0009] Additional objects, features and advantages of
the present invention will become more readily apparent
from the following detailed description of preferred em-
bodiments when taken in conjunction with the drawings
wherein like reference numerals refer to corresponding
parts in the several views.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is an upper left perspective view of a
refrigerator incorporating an ice level and quality sensing
system constructed in accordance with the present in-
vention;
[0011] Figure 2 is an upper right perspective view of a
digital image capture portion of the ice level and quality
sensing system of the present invention;
[0012] Figure 3 is a side elevational view of an ice bin
illustrating ice cubes contrasted against a referenced im-
age;
[0013] Figure 4 is a side elevational view illustrating a
level indication captured by the digital image capture de-
vice of Figure 2;
[0014] Figure 5 is a mathematical representation of a
level of ice contained within an ice cube storage bin;
[0015] Figure 6 is a flow chart illustrating an ice level
and quality sensing algorithm employed in the present
invention;
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[0016] Figure 7 is a flow chart presenting the details
of the quality sensing portion of the ice level and quality
sensing system of Figure 6;
[0017] Figure 8 is a front view of a refrigerator having
a door mounted dispensing system and incorporating an
ice level and quality sensing system of the present in-
vention;
[0018] Figures 9A-9C illustrate the degradation in
quality of ice over time and the formation of ice clumps
in the door-mounted ice cube storage bin;
[0019] Figure 10 illustrates the use of imaging tools of
the present invention to identify and evaluate individual
ice cube sizes;
[0020] Figure 11A depicts non-clumped ice within an
ice bin;
[0021] Figure 11B depicts the non-clumped ice of Fig-
ure 10A after image processing;
[0022] Figure 12A depicts clumped ice within an ice
bin; and
[0023] Figure 12B depicts the clumped ice of Figure
11A after image processing.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0024] As best shown in Figure 1, a refrigerator con-
structed in accordance with a first embodiment of the
present invention is generally indicated as 2. Refrigerator
2 includes a cabinet 4 having a top wall 6, a bottom wall
7, a rear wall 8, and opposing sidewalls 9 and 10 that
collectively define a refrigerator body. Refrigerator 2 is
further shown to include a liner 14 that defines a refrig-
eration compartment, such as a freezer compartment 16.
A fresh food compartment 18 is arranged alongside
freezer compartment 16 such that refrigerator 2 defines
a side-by-side model. Of course, it should be understood
that the present invention can be readily incorporated
into various refrigerator models, including top mount, bot-
tom mount and French-style door model refrigerators. At
this point, it should also be understood that the refer-
enced freezer compartment 16 could be constituted by
a dedicated ice producing section provided in the fresh
food compartment. In any case, in the exemplary em-
bodiment shown, refrigerator 2 includes a freezer com-
partment door 21 and a fresh food compartment door 22
pivotally mounted to cabinet 4 for selectively providing
access to freezer compartment 16 and fresh food com-
partment 18 respectively. In a manner also known in the
art, each compartment door 21, 22 includes a corre-
sponding handle 24, 25.
[0025] In accordance with the invention, refrigerator 2
is provided with an ice making system 35 including an
automatic ice maker 38 positioned above a transparent
ice cube storage bin 40. As will be discussed more fully
below, ice making system 35 automatically detects a lev-
el and quality of ice cubes contained within ice cube stor-
age bin 40. Towards that end, ice making system 35 in-
cludes a controller 43 which receives input from a digital

image capture device 47. Digital images from digital im-
age capture device 47 are passed to a digital image an-
alyzing system 50 which preferably determines both the
level and quality of ice cubes within ice cube storage bin
40. Level data is passed to controller 43 to establish ice
production cycles for ice maker 38. More specifically, if
digital image analyzing system 50 determines that a level
of ice cubes in ice cube storage bin 40 is below a prede-
termined level, controller 43 will signal ice maker 38 to
continue ice production. However, in the event that digital
image analyzing system 50 determines that the level of
ice cubes in ice cube storage bin 40 is at or above the
predetermined level, controller 43 signals ice maker 38
to cease ice production. Also, if digital image analyzing
system 50 determines that the quality of ice cubes within
ice cube storage bin 40 is below a predetermined level,
a signal is presented on a display 54, such as an LCD
display, indicating that the ice cubes should be replaced.
[0026] As best shown in Figure 2, digital image capture
device 47 takes the form of a digital camera 64. Digital
camera 64 can take on a variety of forms, such as a
charged/coupled device (CCD) camera or complimenta-
ry metal oxide semiconductor (CMOS) camera. Digital
camera 64 is preferably operatively connected to a light
source 65 which produces light of one or more wave-
lengths. That is, light source 65 can bathe ice cube stor-
age bin 40 in white light, colored light or non-visible light
depending upon a particular parameter of interest. In any
case, digital camera 64 is operated to capture digital im-
ages of ice cubes 66 stored within ice cube storage bin
40. In a first embodiment depicted in Figures 2-4, ice
cubes 66 are contrasted against a reference image 69
for clarity. More specifically, in order to provide an ap-
propriate background, ice bin 40 is arranged between
reference image 69 and digital camera 64. In the embod-
iment shown, reference image 69 includes multiple dis-
tinct regions 71 which repeat within reference image 69.
However, reference image 69 could also be a solid image
or simply any desired image chosen to provide contrast
for ice cubes 66. In the depicted embodiment, digital cam-
era 64 is positioned to capture a side view 79 of ice cube
storage bin 40, such as shown in Figure 3, to develop an
image profile 84 of ice cubes 66 such as shown in Figure
4. As will be discussed more fully below, image profile
84 is passed to digital image analyzing system 50. Ana-
lyzing system 50 creates a mathematical representation
90 of image profile 84 for evaluation purposes as illus-
trated in Figure 5. Mathematical representation 90 in-
cludes a level indicator or metric 92 which enables ana-
lyzing system 50 to determine an actual level of ice cubes
66 in ice cube storage bin 40.
[0027] Reference will now be made to Figure 6 in de-
scribing the operation of ice making system 35 of the
present invention. As shown, ice making system 35 in-
cludes a first or level analysis portion 100 and a second
or quality analysis portion 104. As will be detailed more
fully below, level analysis portion 100 determines the par-
ticular level of ice cubes 66 within ice cube storage bin
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40. More specifically, digital image capture device 47 pe-
riodically captures and sends digital images, such as
shown in Figure 4, to controller 43. Controller 43 passes
the digital images to digital image analyzing system 50
which produces mathematical representation 90. At this
point, analyzing system 50 determines an ice level in ice
cube storage bin 40. The result is passed back to con-
troller 43 for review in step 107. If the level of ice is below
a predetermined level, controller 43 signals ice maker 38
to continue making ice in block 109. If, however, the level
of ice is at or above the predetermined, desired level,
controller 43 signals ice maker 38 to cease ice production
at 110.
[0028] As noted above, in addition to determining a
level of ice within ice bin 40, ice making system 35 is also
capable of determining a quality of the ice within ice cube
storage bin 40. As will be detailed more fully below, if
controller 43 determines the quality of ice within ice cube
storage bin 40 at 115. If the quality of ice is acceptable,
display 54 will indicate that the ice is fresh at 115. If the
quality is poor, a signal is passed to display 54 indicating
that ice cubes 66 should be discarded at 119. After the
ice is discarded, ice maker 38 will produce fresh ice which
is deposited into ice storage bin 40.
[0029] Reference will now be made to Figure 7 in de-
scribing the particulars of quality analysis portion 104 of
ice maker system 35. As shown, digital image capture
device 47 first captures a photograph or digital image of
ice within ice cube storage bin 40 in step 133. The digital
image is analyzed by digital image analyzing system 50
to determine a level of ice cubes within ice cube storage
bin 40 in step 136. If the level of ice cubes is low, digital
camera 64 activates light source 65 which bathes ice
cubes 66 in light and a new digital image is captured in
step 139. The new digital image is passed back to digital
image analyzing system 50 for analysis. Analyzing sys-
tem 50 includes an edge detection portion 140. Edge
detection portion 140 employs an edge detection algo-
rithm to determine if edge portions of ice cubes 66 are
sharp (indicating that the ice is fresh) or rounded (indi-
cating that the ice cubes are older). Digital image ana-
lyzing system 50 also evaluates the intensity of ice cubes
66 obtained in the new digital image. If the level of ice
cubes 66 is low and the intensity of the ice cubes is un-
even, a determination is made that the ice cubes are old
and should be discarded. As noted above, a signal is
passed to display 54 in step 119a to notify the user that
the ice cubes 66 are no longer fresh. Correspondingly,
if the level of ice cubes 66 in ice cube storage bin is at
or above the predetermined level, digital camera 64 ac-
tivates light source 65 and captures an image of the ice
cubes within ice cube storage bin 40 in step 141 using,
for example, non-visible light. The image captured in step
141 is passed back to digital image analyzing system 50
for analysis. After evaluating edge portions of ice cubes
66, analyzing system 50 evaluates the intensity of the
digital image. If analyzing system 50 determines that the
level of ice cubes in ice cube storage bin is high and the

image captured in step 141 is uneven, a determination
is made that the ice cubes contain voids, are old (e.g.,
soft with rounded edges) or uneven and should be re-
placed. This determination is signaled on display 54 in
step 119b.
[0030] In a preferred embodiment, digital image cap-
ture device 47 of the present invention may be utilized in
a refrigerator 200 having an automatic ice dispensing
system 202 including an ice dispensing bin 204 and a
door-mounted dispenser 210 as depicted in Figure 8. Au-
tomatic ice dispensing systems, such as that employed
with the invention, are well known in the art and, there-
fore, basic details thereof need not be discussed herein.
Instead, the manner in which ice making system 35 may
be utilized to determine ice shrinking and clumping will
now be described in detail. As previously discussed, dig-
ital image capture device 47 periodically captures and
sends digital images to controller 43 and controller 43
passes the digital images to digital image analyzing sys-
tem 50. As depicted in Figures 9A-9C, ice cubes 212 in
ice dispensing bin 204 may shrink over time and develop
clumps of ice such as indicated at 213 in Figure 9C. Sim-
ilarly, by comparing images, digital image analyzing sys-
tem 50 will also detect ice shrinkage over time. That is,
the digital images of ice cubes located on the outer edges
of dispensing bin 204 (i.e., ice cubes in clear view of
digital camera 64) are compared to determine differences
in ice characteristics from image to image. For example,
Figure 10 depicts ice size characteristics for a single im-
age taken by digital camera 64. If digital image analyzing
system 50 detects that multiple ice cubes are smaller
than a minimum expected cube size, then a signal will
be sent to display 54 to indicate stale ice. In order to
better determine ice quality and avoid false positive re-
sults, system 50 utilizes multiple image processing meth-
ods including edge detection interpolation and region of
interest identification (ROI).
[0031] In addition, digital image analyzing system 50
monitors ice within ice dispensing bin 204 to detect ice
clumping. In a manner known in the art, ice dispensing
bin 204 includes an auger 218 (see, for example, Figure
12A) which is positioned in the middle of bin 204 and
rotates in order to aide in dispensing ice from bin 204
and preventing ice clumps from forming in bin 204. There-
fore, when clumping of ice occurs, the clumps are usually
located at the sides and corners of bin 204. For these
reasons, monitoring a centroid or center of mass of a
volume of ice allows for accurate detection of ice clumps.
More specifically, a first image shown in Figure 11A is
sent to digital image analyzing system 50 where it is proc-
essed to determine a centroid 220 of the volume of ice
within bin 204 as depicted in Figure 11B. If system 50
determines that centroid 220 is within a pre-determined
boundary indicated at 230, then no clumping event is
detected. However, if clumping of ice has occurred, as
depicted in Figures 12A and 12B, a centroid 220’ of the
volume of ice will fall outside of predetermined boundary
230 and system 50 will recognize an ice clumping event.
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Upon detection of an ice clumping event, a signal is sent
to display 54 to alert a user.
[0032] Based on the above, it should be readily under-
stood that the present invention enables a refrigerator to
automatically control ice production to ensure that con-
sumers have an adequate or desired amount of ice. In
addition to ensuring an adequate supply of ice, the sens-
ing system of the present invention enables the quality
of the ice in the ice cube storage bin to be determined.
Thus, consumers are provided the option of discarding
ice that may be less than fresh. Although described with
reference to preferred embodiments of the invention, it
should be readily understood that various changes
and/or modifications can be made to the invention without
departing from the spirit thereof. For instance, it should
be understood that the number and location of cameras
can vary in accordance with the present invention. For
example, cameras can be located above, behind, along-
side or even below the ice cube storage bin to capture
digital images. Also, it should be noted that the particular
color of light employed by the light source can vary in
accordance with the present invention to include white
light, various colors of light, and, non-visible light in order
to reveal different properties of the ice cubes. Further-
more, while shown in the main portion of the freezer com-
partment, the ice cube storage bin and, for that matter,
the ice maker can be door mounted in the freezer com-
partment or, as indicated above, even provided in a ded-
icated freezer compartment located within the fresh food
compartment of the refrigerator. Finally, the invention is
not limited to dispensing model refrigerators but could be
employed in models which make ice that needs to be
manually removed from an ice cube storage bin.

Claims

1. A refrigerator comprising:

a cabinet including top, bottom, rear and oppos-
ing side walls that collectively define a refriger-
ator body having a refrigeration compartment;
a door for selectively providing access to the re-
frigeration compartment;
an ice maker mounted in the refrigeration com-
partment;
an ice cube storage bin for receiving ice cubes
from the ice maker;
a digital image capture device for capturing dig-
ital images, said digital image capture device
being focused upon the ice cube storage bin;
and
a digital image analyzing system operatively
connected to the digital image capture device,
said digital image analyzing system being
adapted to evaluate a centroid of the ice cubes
through the digital images wherein, when the
centroid is outside a predetermined acceptable

boundary, the digital image analyzing system
determines clumping of the ice cubes in the ice
cube storage bin.

2. The refrigerator according to claim 1, wherein the
digital images capture side views of ice cube storage
bin so as to present an image profile of the ice cubes.

3. The refrigerator according to claim 2, wherein the
digital image capture device is constituted by a cam-
era selected from the group consisting of a CCD and
CMOS camera.

4. The refrigerator according to claim 1, further com-
prising: a display provided on the cabinet wherein,
upon detection of ice clumping, a signal is sent to
the display to alert a user.

5. The refrigerator according to claim 1, further com-
prising:

an ice cube dispenser located on the door and
in communication with the ice cube storage bin;
and
an auger rotatably mounted in the ice cube stor-
age bin for directing ice cubes from the ice cube
storage bin to the ice cube dispenser, wherein
the centroid is established along an axis of the
rotatable auger extending within the ice cube
storage bin.

6. The refrigerator according to claim 5, wherein the
acceptable boundary is established as a vertical sec-
tion of the ice cubes in the ice cube storage bin.

7. The refrigerator according to claim 1, wherein the
digital image analyzing system further evaluates the
digital images in determine a level of ice cubes within
ice cube storage bin.

8. A method of analyzing ice cubes in an ice cube stor-
age bin of a refrigerator comprising:

focusing a digital image capture device, mount-
ed in a refrigeration compartment of the refrig-
erator, on an ice cube storage bin;
capturing a digital image of ice cubes in the ice
cube storage bin;
processing the digital image to determine a cen-
troid of the ice cubes;
determining whether the centroid is outside an
acceptable boundary; and
establishing that ice clumping exists in the ice
cube storage bin if the centroid is outside the
acceptable boundary.

9. The method of claim 8, further comprising: signaling
that ice clumping exists to a user if the centroid is
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outside the acceptable boundary.

10. The method of claim 9, wherein signaling that ice
clumping exists includes displaying an alert on a user
interface of the refrigerator.

11. The method of claim 8, wherein the acceptable
boundary is predetermined and based on a position
of a rotating auger within the ice cube storage bin.

12. The method of claim 8, further comprising: analyzing
the digital image to determine a level of the ice cubes
in the ice cube storage bin.

13. The method of claim 12, further comprising: if the
level of the ice cubes is determined to be low, acti-
vating a light source which bathes the ice cubes in
light, capturing a new digital image, and analyzing
the new digital image with the digital image analyzing
system to verify the low ice level.

14. The method of claim 8, further comprising the step
or determining a size of ice cubes within the ice cube
storage bin and comparing the size with a predeter-
mined minimum ice cube size to detect presence of
stale ice.

15. The method of claim14, further comprising: display-
ing a stale ice alert on a user interface when the size
of the ice cubes is below the predetermined minimum
ice cube size.
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